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1. Introduction 
In modeling groundwater systems in coastal aquifers it may 
be necessary to include tidal variation of sea level when con- 
sidering water flow near the coastline. Jiao and Tang [1999] 
presented an analytical solution of groundwater fluctuation in 
a coastal aquifer system consisting of a confined aquifer, a 
semipervious layer, and an unconfined aquifer. There are two 
major assumptions used by Jiao and Tang [1999] in deriving the 
solution. First, the groundwater fluctuation in the unconfined 
aquifer is assumed to be negligible, and hence the water head 
remains constant and equal to that imposed at the inland 
boundary. This assumption results in a constant head along the 
upper boundary of the semipervious layer. Second, the storage 
of the semipervious layer is assumed to be negligible. The 
vertical leakage through the layer is therefore proportional to 
the head difference across it. 
In reality, the groundwater table fluctuates in the unconfined 
aquifer. Although the fluctuation is likely to be damped quickly 
in the landward direction, it may affect the water head in the 
confined aquifer if the leakance of the semipervious layer is 
relatively large. We are interested in the errors induced by the 
constant head assumption on the upper boundary of the leaky 
layei used by Jiao and Tang [1999]. The accuracy of the ana- 
lytical solution is investigated for different leakances of the 
leaky layer by employing a more realistic numerical model, 
which includes head fluctuations in the unconfined aquifer 
also. 
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Figure 1. The modeled aquifer system (not to scale). 
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2. Model Setup 
The modeled domain is 3000 m long as shown in Figure 1. 
This dimension should be large enough so that the imposition 
of a fixed-head boundary condition at the inland boundary is 
justified. 
For comparability with the analytical results the physical 
parameters in Table 1 are used for the aquifer system. They 
agree with those used in the hypothetical case given by Jiao and 
Tang [1999], while the remainder are taken from literature 
[Freeze and Cherry, 1979]. The tidal boundary condition is 
expressed as h(t) = h• + • cos (cot + c) (h• is the elevation 
of the mean sea level, A is the tidal amplitude, c is the phase 
shift, co is the tidal speed, and t is time). The van Genuchten 
[1980] model is employed for the unsaturated soil parameters 
in the unconfined aquifer. 
The computer code 2DFEMFAT [Cheng et al., 1998; Yeh et 
al., 1994] is used in the modeling. This is a two-dimensional 
finite element code for density-dependent water flow and sol- 
ute transport through saturated-unsaturated porous media. 
Details of the mathematical formulation and verification are 
given by Cheng et al. [1998] and Zhang and Volker [1999]. The 
water flow module of the code is used to solve the system in 
Figure 1. 
Two cases are modeled. Case I is designed to represent the 
same physical conditions as those used in deriving the analyt- 
ical solution, which does not include the unconfined aquifer. A 
constant head is assigned along the upper boundary of the 
semipervious layer and the inland boundary. The unconfined 
aquifer is included in case II, and only the inland boundary is 
assigned a constant head. The water exchange between the 
confined and the unconfined aquifer is then fully controlled by 
the computed water heads in both aquifers. Therefore case II 
represents a more realistic situation and will be used as the 
benchmark to investigate the accuracy of the analytical solu- 
tion. The initial condition is a hydrostatic head equal to the 
constant head at the inland boundary. 
Table 1. Physical Parameters for the Aquifer System of 
Figure 1 
Quantity Value Unit 
Porosity of semipervious layer n • 0.4 -.. 
Porosity of confined/unconfined aquifer n 2 0.3 ... 
Transmissivity of confined aquifer T 2000 m2/d 
Storativity S 0.001 ... 
Amplitude of tide A 0.65 m 
Tidal phase shift c 0.0 ... 
Tidal speed to 2,r per day 
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the correct value of about 500 m. Therefore the statement [Jiao 
and Tang, 1999, p. 749] "... but when L = 1/day, the ampli- 
tude becomes zero at ---200 m" should be modified. For a 
relatively large leakance the fluctuation of water head in the 
unconfined aquifer affects the vertical leakage across the semi- 
pervious layer. The simplification of a constant head along the 
upper boundary of this layer can no longer represent the sys- 
tem correctly. As a comparison, the water flow across the leaky 
layer for cases I and II for L = 1.0/day at tot = 2,r is shown 
in Figure 3. It can be seen that a larger vertical velocity near 
the coast occurs for case I. Vertical water flow is concentrated 
near the coast. For case II, water exchange occurs over a larger 
horizontal distance with a much lower flow velocity. The 
change of water head in the unconfined aquifer produces a less 
intense leakage but over a larger horizontal range. A relatively 
small leakance reduces the contribution of the head fluctuation 
in the unconfined aquifer, which is evidenced by the close 
agreement of cases I and II for L - 0.01/day. 
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Figure 2. Comparison of water head fluctuation in the con- 
fined aquifer at tot = ,r/4. (a) L = 0.01/day, (b) L = 
0.05/day, and (c)L - 1.0/day. 
3. Results and Discussion 
A few tidal cycles are run so that the system reaches a 
dynamic equilibrium. Figure 2 shows the fluctuation of water 
head in the confined aquifer at tot = ,r/4 for different 
leakances L. 
It is found that the analytical results and the numerical 
results of case I are in excellent agreement. This means that for 
the same physical conditions, both models produce identical 
results. 
When the unconfined aquifer is included (case II), signifi- 
cant differences occur for L = 1.0/day as shown in Figure 2c. 
The analytical solution predicts that water fluctuation vanishes 
at about 200 m from the coast, which underestimates by 60% 
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Figure 3. Vertical velocity component in the leaky unit at 
tot = 2,r for L - 1.0/day. 
4. Conclusions 
Numerical modeling was performed to assess the errors in- 
duced by neglecting water level changes in the unconfined 
aquifer of a leaky aquifer system subjected to a tidal sea 
boundary condition. Comparisons were made with the analyt- 
ical solution presented by Jiao and Tang [1999] for groundwa- 
ter fluctuation in a confined coastal aquifer with leakage across 
a semipervious layer when subjected to a tidal boundary con- 
dition. The analytical solution becomes less accurate for 
leakances larger than 0.05/day. For a leakance of 1.0/day the 
analytical solution underestimates by 60% the horizontal dis- 
tance over which groundwater oscillates. For cases with rela- 
tively large leakances, caution should be exercised in applying 
the analytical solution. 
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